Background: Non-functioning pituitary adenomas have been treated by gross total resection with the microscopic transsphenoidal approach being the standard for decades. Recently, the endoscope has been utilized as alternative with its possible advantages and disadvantages. Methods: In this study, the authors retrospectively reviewed 58 cases who underwent transsphenoidal non-functioning pituitary adenomas resection, 25 via the microscopic approach (group 1) and 33 via the endoscopic approach (group 2). Different aspects of the procedures were compared, including duration of surgery, incidence of post-operative cerebrospinal fluid leak (being one of the common complications after such procedures), length of hospital stay postoperatively, and most importantly the tumor volume reduction being measured in a novel method by creating a computer-generated threedimensional reconstruction of the tumor.
Background
Surgical gross total resection surgery is the most common treatment for non-functioning pituitary adenomas (NFPA) and has usually been achieved well via the transsphenoidal approach [1] . This has been done using a standard operating microscope and peering into the transsphenoidal space for decades, or more recently using the endoscope. Microscopic transsphenoidal surgery predates endoscopic surgery and was historically the more common technique. This has been attributed to the fact that the neurosurgeons are more familiar with the microscope as it is used in many other neurosurgical approaches compared to the endoscope which requires a new skill acquisition for most neurosurgeons, yet it provides wider and more flexible viewing angles which can be critical during the resection of some sellar and parasellar tumors [2] .
For gross total resection to be achieved, thorough assessment of tumor extensions should be accomplished.
The Knosp classification system assigns a grade from 0 to 4 based on the lateral extent of the tumor in relation to the intracavernous segment of the internal carotid artery on coronal magnetic resonance image (MRI) sections [3] . Tumors with grades 0-2 are contained within the lateral carotid artery tangential, while tumors that extend beyond the carotid artery tangential are grades 3-4. However, the Knosp classification is not without its limitations as several studies have shown that MRI is not sensitive enough to detect microscopic invasion of the surrounding dura and cavernous sinus wall, especially with small tumors [4] .
There is no general agreement on the superiority of either surgical approach over the other in terms of the extent of achievable resection for variously sized and located tumors or in terms of possible complications [4, 5] .
Starke et al. recently compared microscopic and endoscopic approaches in growth hormone-secreting tumors [4] . The results of their study suggest that there is no difference between both approaches in achieving biochemical remission or in complication rates. Previous comparisons suggest that patients who undergo the endoscopic approach have shorter operative times, less operative blood loss, shorter hospitalizations, and fewer postoperative complications [6] . However, most of these studies have compared a prior microscopic series to a more recent endoscopic series or have included only small numbers of patients. No study has addressed whether one approach is superior for moderate-sized tumors without radiographic evidence of lateral extension into the cavernous sinus or has compared the outcomes of the two surgical approaches over the same interval [5] .
Aim of the study
This study was designed to compare microscopic and endoscopic approaches in treatment of non-functioning pituitary adenomas regarding the degree of achievable safe resection and the rates of possible complications.
Methods
This is a retrospective analysis of prospectively collected data from a series of patients that underwent microscopic and endoscopic endonasal resection of non-functioning pituitary adenomas between January 2012 and July 2017. Patients were retrospectively divided into two groups: group 1 including patients who underwent microscopic resection and group 2 for patients who underwent endoscopic resection. The study included patients who had non-functioning histopathologically confirmed pituitary adenomas with a size of more than 1 cm. Moreover, availability of digital copies of preoperative and 2-6 months postoperative MRI with gadolinium intravenous contrast was mandatory for patients' inclusion. Patients with hormone-secreting tumors were excluded from the study as well as those with recurrent tumors and pituitary apoplexy and those undergoing redo surgery for inadequately removed tumors.
Data were collected from patients' charts retrospectively and included patient demographics, clinical picture, laboratory workup, intraoperative findings, surgical complications, and postoperative findings. Pre-operative MRI done shortly before the surgery and 3 months post-operative MRI were reviewed and used for analysis by an independent radiologist. Tumor volumetric measurements, by creating a three-dimensional reconstruction of the tumor, depending on the T1 and T1 with gadolinium contrast coronal sequence using OsiriX Lite free software version 9.0.2 was performed by calculating the area on each 1.5 mm coronal cut and then tumor volume was calculated (Figs. 1 and 2).
Surgeries were done by two different surgeons, each with a preference for an approach. Both surgeons aimed for maximum tumor resection when possible. An otolaryngologist assisted in the sellar exposure for all the endoscopic cases, and a binostril, three-hand technique was used in all of those cases. Nasoseptal mucosal flap was harvested early during the surgery in most of the patients undergoing the endoscopic resection and used for sellar floor reconstruction as precautionary measure against post-operative cerebrospinal fluid (CSF) leakage especially towards the end of the cohort.
Statistical analysis
Collected data were expressed as mean ± standard deviation and range and compared via paired and independent student t test and the ANOVA test using SOFA statistics free software version 1.3.3.
Results
This study included 58 patients, with 25 patients in group 1 (who underwent microscopic resection of the adenoma) including 12 males and 13 females and 33 patients in group 2 (who underwent endoscopic resection) including 14 males and 19 females. Mean age was 54.6 years (ranging from 20 to 72) and 62.9 years (ranging from 30 to 89) for group 1 and 2 respectively.
The length of hospital stay for group 1 ranged from 2 to 9 days (mean 3.6 days, SD 2.141) while in group 2, it ranged from 2 to 7 days (mean 3.727 days, SD 1.008). The mean time of follow-up in group 1 was 84.75 days (ranging from 72 to 99 days), and in group 2, it was 92.78 days (ranging from 70 to 141 days).
Regarding operative time, it ranged from 40 to 156 min (mean 92.7 min) in group 1 and from 82 to 234 min (mean 142.79 min) in group 2. This difference in operative time was found to be statistically significant with a p value < 0.001.
Intraoperative CSF leak was encountered in 40% (n = 10) of the cases in group 1 with only 2 cases (8%) requiring reoperation for repair of CSF leak. On the other hand, five cases (15.2%) from group 2 had intraoperative CSF leak and none of those required reoperation.
The mean preoperative tumor volume was 4.188 cm 
Discussion
With the introduction of any new surgical technique, there is always a challenge to be met. In this study, the authors analyze the use of endoscopic resection of NFPA as a relatively new alternative to microscopic resection. The main targets to achieve in the new technique would be equal tumor resection, less incidence of complications, especially CSF leak, shorter duration of surgery, and shorter hospital stay. The proposed advantages of the new technique are better visualization and less violation of the nasal cavity and mucosa.
In the current study, the authors studied 58 cases of NFPA retrospectively, divided into endoscopic and microscopic groups. Comparing the surgical time between the two groups, it was found that the microscopic surgery took significantly shorter duration, on average, when compared with the average of endoscopic surgery (92.7 min and 142.8 min respectively). This result contradicts what was previously published by Cho and Liau in 2002 [7] who stated that the operative time ranged 1.5-4.0 h in the microscopic patients' group and 1.0-3.0 h in the endoscopic patients' group. Moreover, Higgins et al. in 2008 [8] had a mean operative time for microscopic and endoscopic approaches of 152 min and 117 min respectively. Yet, other studies found no significant difference between the two techniques regarding this parameter including Casler et al. [9] and Jain et al. [10] .
Regarding the length of stay in the hospital, the current study found out that there was no statistically significant difference between the two groups although the cases from group 1 (microscopic resection) had longer range for duration of stay, 9 days, compared to 7 days for the endoscopic resection group. This matches the significantly shorter hospital stay for endoscopic resection of NFPA in multiple studies including Higgins et al. [8] , Casler et al. [9] , and Cappabianca et al. [11] .
In the current series, the microscopic group showed significantly higher incidence of intraoperative CSF leak, with two patients requiring reoperation for control of CSF leak. None of the endoscopic patients required reoperation, and only one patient required placement of lumbar drain, while in the microscopic group, two patients required reoperation and six required lumbar drain placement. In our opinion, this finding can be attributed to better visualization of the sellar contents during surgery and the lower incidence of need for lumbar drain and absence of any cases requiring reoperation in the endoscopic group can be attributed the routing nasoseptal flap done in all endoscopic cases routinely. These findings are conformal to the findings reported by Higgins et al. [8] and White et al. [12] ; they both found a significantly lower incidence of the need for lumbar drain placement postoperatively in the endoscopic group. Neal et al. [13] also found less need for lumbar drain after surgery in endoscopic cases, despite that they did not comment on the significance of this finding. Duz et al. [14] also found a significant difference in the incidence of CSF leak in favor of the endoscopic approach (33% vs 11%) which is comparable to the current results. However, Higgins et al. [8] , Casler et al. [9] , Choe et al. [15] , Jain et al. [10] , and White et al. [12] found no significant difference in CSF leak between the two groups.
Tumor volume preoperatively was found to be 7.2 cm 3 in the endoscopic group compared to 4.2 cm 3 in the microscopic group; this cannot be attributed to selection bias since the surgical team was different for each group. Volume reduction in the microscopic group had a mean of 82.4% which was not significantly different from the endoscopic group volume reduction that had a mean of 89.1%. However, it is to be noticed that in Knosp grade 3 and 4 tumors, the volume reduction was significantly higher in the endoscopic group compared to microscopic group (89% versus 77.4% for grade 3 and 98% versus 82.4% for grade 4). Although both techniques allow excellent visualization of the midline structures, the lateral and suprasellar compartments visualization can be limited with the microscope; in contrast, the endoscopic [1] ; they found that the endoscopic cases achieved a higher volume reduction rate in comparison to the microscopic cases (86% versus 82%), and they also noted a higher incidence of gross total resection in the endoscopic group (56% versus 45%). Despite the fact that both differences were statistically insignificant, yet those volumes indicated the trend towards achieving better results with the endoscopic technique compared to the microscope in terms of the degree of tumor resection. Yu et al. [16] also had similar results in their systematic review of 19 articles in 2017; they reviewed 3847 patients in the two groups. They concluded that there was a statistically significant difference in the rate of gross total resection between the two groups favoring endoscopic approach at 73% versus 60% for the microscopic group. There was no comment on the tumor volume reduction though. In Rotenberg et al. systematic review of 11 studies, they mentioned the results from Cappabianca et al. to support the more favorable outcome of the endoscopic resection in achieving gross total resection in 90% of cases compared to 60% for the microscopic cases; there was no mention of statistical significance of the results. Yet, some articles in the same review did not find any statistically significant supremacy of either approaches [8, 10, 15] . Eseonu et al. [17] also found statistically insignificant difference in volume reduction in their study on 384 patients in 2017.
Conclusions
Endoscopic transsphenoidal approach to sellar tumors is a relatively new technique, yet it was noted in our study among other to have an easy learning curve, with a rapid acquire of experience among surgeons. It proved supremacy in various aspects when compared to the microscopic approach on our series, although some of these results did not prove to be statistically significant, yet the general trend was towards favoring volume reduction, especially in higher Knosp grade tumors, mean of hospital stay, and in the incidence of CSF leak, especially those requiring reoperation. The only parameter favoring microscopic approach was the surgery duration, yet this can be attributed to the time taken for the nasoseptal flap which was done routinely in almost all cases of the endoscopic surgeries. Also, the longer mean duration taken in the endoscopic cases can be attributed to the fact that those cases were done in the early transition to endoscope by the surgical team. 
Availability of data and materials
The dataset supporting the conclusions of this article is included within the article (and its additional file).
